An assessment of the incubators in use at the Kathmandu Maternity Hospital neonatal unit was undertaken; this was followed by a prospective survey of neonatal temperatures on the unit. In the incubator assessment 11 studies were carried out in five incubators. Three of the thermostats in the five incubators did not work at all and those in the other two incubators were more than 3°C inaccurate. All the incubator thermometers gave recordings less than the actual temperature (with a range of error: 1 J-4.4°C). Six out of the 11 babies studied were hypothermic (defined as rectal temperature < 36°C). In the prospective survey of temperatures a high incidence of hypothermia was found on the neonatal unit at the time of first temperature measurement (64 percent had a rectal temperature of <36°C). A significant association between admission hypothermia and mortality was noted. Sixteen per cent (10/64) of babies admitted with temperatures < 36° C died within the first week, compared to 0 (0/36) of those admitted with temperatures
Introduction
Temperature monitoring in the developed world has become an integral part of neonatal care. The dangers of hypothermia, particularly in preterm infants, have been well documented. Infants nursed in a cool environment and hypothermic infants have a significantly increased risk of dying. 1 " 3 Although in the West today every effort is made to prevent the problem, there is growing evidence that neonatal hypothermia is an important cause of neonatal morbidity and mortality in parts of the developing world, even in countries regarded as temperate.* 3 Scientific developments in the field of neonatology havestimulated interest in developing countries in the establishment of neonatal units equipped along similar lines. With limited resources in terms of finance and expertise this is difficult and, in many situations, unrealistic. WHO have recognized the alternative contribution that may be made by 'appropriate technology' in the management of the high-risk infant in developing countries. 6 The adequate assessment of such technology before its introduction is regarded as vital.
The WHO has shown a specific interest in the assessment of devices used for warming babies. 6 Incubators are widely used in the developing world 7 where with limited technological back-up they may become associated with significant hazards. There have been a number of reports of complications due to the use of old or poorly-maintained incubators. 8 " 11 As part of the WHO interregional study on 'the means of achieving thermal control in newborn babies', a comprehensive survey of incubator function and neonatal temperature was undertaken on the neonatal unit of the Maternity Hospital, Kathmandu.
Patients
The research was carried out in December 1988 (incubator assessment) and February 1989 (prospective survey). At that time the neonatal unit had between 20 and 30 admissions per week. Many of these were admitted simply for observation (after delivery by Caesarean section, forceps, or vacuum extractor). A large proportion of the admissions were for growthretardation (over 20 per cent of all deliveries at the Maternity Hospital weighed < 2500 g) and for preterm gestation.
All the babies on the unit were kept clothed and
wrapped (even those in incubators). The majority were bottle-fed. The babies were examined daily by the pediatric team and normal antiseptic policies were employed. However, facilities for microbiological assessment of the incubators, thermometer containers, bottles, and soaps were not available, and the incidence of cross-infection was unknown. Jaundice and sepsis on the neonatal unit were not uncommon. There were no facilities for exchange transfusion, but phototherapy was carried out on the unit. There were no low-reading thermometers available and many of the standard thermometers on the unit were broken. There were functioning wall-thermometers, but no instrument for checking relative humidity was available. The babies were looked after by a team of three pediatricians in the day and by the on-call obstetric registrar at night. An attempt was made to study each of the five functioning incubators in turn. Those studied included three Armstrong X-4 model 500s, one of which is shown in Fig. 1 , and a Vickers (series 89, Basingstoke, UK) shown in Fig. 2 . In addition there was a Bonaparte (Model A, made in India), which is shown in Fig. 3 (alongside an Ameda, non-functioning because of an electrical fault). Apart from the Vickers (which had portholes) all the incubators were of the 'top-opening' type.
Methods

Incubator assessment
For the incubator assessment all the measurements were carried out by one of us (R.J.) using equipment which had previously been taken from Oxford (by P.R.). This comprised a DG1 computer, a type RM 103 Data Logger, (manufactured by Research and two humidities. Standard neonatal temperature probes were used (Libra Medical). In the studies the soft rectal probe was inserted to a depth of 5 cm. In all the studies additional probes were placed in the axilla, on the foot and on the abdomen, just above the umbilicus. A fifth probe measured the air temperature next to the data-logger and the sixth the temperature inside the incubator (centrally, 6 cm from the top). The relative humidity was measured continuously both inside the incubator and in the room with capacitive relative humidity sensors, (accuracy ~ 2 per cent RH).
Continuous temperature recordings were made at the six sites and the two humidities were noted. Temperatures were logged every minute. For the purposes of this report hourly measurements were analysed, (with an average of these included in the results).
The data-logger used in Nepal had been calibrated to 0.05°C accuracy in Oxford before being taken to Kathmandu 18 months previously. Before starting to use the equipment again the state of the calibration was checked against a reference mercury thermometer (from the Physics Department, of the University in Kathmandu) using stirred water baths.
Prospective survey of temperatures
In the prospective survey 100 consecutive admissions were followed-up for the duration of their stay on the neonatal unit. All the temperatures were taken with a low-reading mercury-in-glass thermometer which had previously been checked for accuracy. These measurements were made by one of the pediatricians (C.T.) or by R J. The thermometer was placed 3 cm into the rectum and the temperature was read at 3 min. At the same time room temperature was taken from a wallthermometer. This was done daily for all babies on the unit. At the same time the clinical condition was recorded. A final diagnosis was made at the time of discharge.
Results
Incubator assessment
The average length of each incubator assessment was 10 h (range 6-13 h). Eleven babies were studied (in five incubators). All of the babies were bottle fed (excepting for one which was being tube-fed). Only two of the babies were male (the first and second ones studied). All were clothed and wrapped in a blanket. The temperature on the neonatal unit remained between 22 and 23°C during the study.
Initial observation showed that of the incubators in use only one could be said to be in reasonable condition (the Bonaparte). All three Armstrong incubators had broken thermostats and the Vickers had a broken port-hole.
Thermostat
Five of the 11 studies were carried out in the two incubators with thermostats (Bonaparte and Vickers). The average difference found in these five studies between the temperature at which the incubator was set and the actual temperature was 3.5°C. Both incubators were set at levels of temperature higher than that which was actually achieved.
Thermometers
All the incubators had thermometers. The overall average difference between the temperatures recorded on the thermometer of the incubators and the actual incubator temperatures was 3°C. This difference was much greater in the Armstrong (4.4
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Vickers and Bonaparte incubators (1.3°C). All the incubator thermometers (excepting for the Bonaparte) gave recordings less than the actual temperature.
Incubator temperature
The actual mean incubator temperature for the period of each study is shown in Table 2 , along with the recommended temperatures for clothed babies of the given weight in cots and incubators. 12 Incubator and room humidity It was not possible to adjust the level of humidity in any of the incubators. In everyday practice the humidifiers were frequently run dry. The incubator humidities measured in the study varied from 35 to 85 (RH per cent), whilst that of the room varied from 40 to 58 (RH per cent).
Babies
Descriptive details of the babies are given in Table 1 , and the temperatures and outcomes are given in Table 2 . The median age at the time of the study was 8 days (range 1-11 days). The mean gestation was 37.5 weeks (SD 1.8) and the mean birth weight was 1976 g (SD 502). These can be compared to the mean gestation of all hospital deliveries of 39 weeks and birth weight of 2780 g.
Only five of the 11 babies studied had rectal temperature averages of 36°C or more. These five babies also had higher abdominal, axillary, and foot temperatures than the others. When comparing these five normothermic babies with the six who were hypothermic no differences in age, gestation, room temperature, room or incubator humidity, or length of stay were found. However, the hypothermic babies had an average birth weight of 1783 g, compared with 2208 g in the normothermic group and the mean incubator temperature in the hypothermic group was 31.4°C compared with 33°C. Two babies died (nos 7 & 9). Baby no. 7 arrived on the neonatal unit in fair condition and was described as active, with cold extremities (her rectal temperature was noted to be 35°C). Each day she was noted to have cold extremities, but the rectal temperature was not recorded. On day 3 she was transferred to her mother on the postnatal ward; however, she returned on day 5 because of vomiting, poor feeding, poor sucking, and cold extremities. She appeared to develop a chest infection and other signs of sepsis, and died 2 days after the study. At the time of the study she had a mean rectal temperature of 33.3°C and she showed other signs of sclerema including swelling, redness of the skin, hardening of the skin, and rigidity.
Baby no. 9 arrived on the neonatal unit in good condition, and was described as active and warm. There was no jaundice and the baby fed well initially. However, by the time the study was undertaken a similar set of clinical signs of sepsis and hypothermia could be seen with vomiting, poor feeding, drowsiness, and jaundice. Her mean rectal temperature was 34.8°C. She died 4 days later.
Prospective survey
One-hundred cases were studied over the course of 1 month. The majority (54 per cent) of babies arriving on the unit were normal, being admitted there routinely for observation after assisted delivery. The list of other diagnoses is shown in Table 3 . In many situations there was an overlap of conditions. Of the 100 babies, 10 died on the neonatal unit, 69 were finally discharged to the postnatal ward, 18 went home, and three were sent to the pediatric hospital. The median time on the unit was 3 days (range 1-20 days). The temperature on the unit remained very steady during the course of the survey at between 22°C and 23°C.
A high incidence of hypothermia on the unit was found, especially at the time of first temperature measurement (64 babies had a first temperature of <36°C). A significant link between admission hypothermia and mortality was noted. Sixteen per cent (10/64) of babies admitted with rectal temperatures < 36°C died within the first week, compared to 0 (0/36) of those admitted with temperatures ^ 36°C ( Table 4) . The mean first rectal temperature for the group who died was33.1°C(SD2.1). TABLE 4 The association between hypothermia and poor outcome 
Discussion
The potential hazards of incubators, (particularly of older models), have been well-documented. These include the risk of cross-infection, 8 the presence of asbestos 9 and the use of mercury thermometers which if broken give rise to a toxic vapour. 10 It has also been suggested that machine noise from older incubators may result in cochlear damage. 1314 Similarly, if the thermoregulatory mechanisms of the incubator malfunction, provision of a thermoneutral environment will be impossible and there will be a serious danger of over-heating or of cooling the infant. In this respect, particular attention has been drawn to the problems associated with the Armstrong X4 model 500. '' In the present study we have shown that the incubators in use on one neonatal unit in Nepal were potentially hazardous because without exception they were associated with inaccurate temperature control. In addition, none of the incubators provided a stable level of humidity (the provision of an environment with a high relative humidity was shown by Silverman and co-workers 15 to improve survival). The actual incubator temperatures achieved in the study (ranging from 29.9° to 36.7°C) represented levels well above those recommended by Hey and Katz 12 for clothed babies in cots or incubators. Paradoxically, six of the babies studied in the incubator survey were hypothermic, despite being clothed, wrapped, and in a warm incubator. It is interesting to speculate about the
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likely reason for their continued hypothermia. It is unlikely that their coldness was a sign of terminal illpcrfusion; only two of them are known to have died and one of those was 4 days later. These babies may well have been hypothermic since birth. Whether being wrapped up once hypothermia has developed has any beneficial effect might be questioned. It is likely that these preterm, growth-retarded, and otherwise stressed babies had insufficient resources for heat generation and needed to have external warmth provided before being wrapped.
There was a high incidence of hypothermia upon arrival on the neonatal unit. The observation that admission hypothermia was associated with a poorer outcome reflects data obtained in other studies. 4316 However, without further facilities at the Maternity Hospital for investigating other causes of morbidity and mortality it is not possible to assess the exact contribution that hypothermia made in comparison to cross-infection, respiratory distress, and other problems.
Post-delivery practices were clearly implicated in allowing babies to become hypothermic prior to admission to the neonatal unit. Other studies conducted at the Maternity Hospital 17 demonstrated that poor post-delivery care resulted in the majority of babies delivered in the hospital being hypothermic at 2 h and 50 per cent remaining so at 24 h.
As a result of these findings a number of recommendations were made. First, greater emphasis was to be made on the correct teaching of immediate drying and swaddling of infants on the labour ward. Secondly, the admission policies to the neonatal unit were to be changed with low-risk babies no longer being accepted onto the unit. If a small or preterm baby was able to feed from its mother it, too, was not admitted. Thirdly, admission temperatures were to be checked in all babies: any baby with a temperature <36°C was to be placed in a simplified 'warm-box'-a perspex box warmed by a 200 W bulb, until normothermia had been achieved. (It was felt that this simple technology would be more appropriate for wanning hypothermic babies than the present incubators; it was recognized that the dangers of using a naked bulb would need to be emphasized to the neonatal unit staff). Finally, the problems associated with incubators in general, and with those on the unit in particular, were to be highlighted to the neonatal unit staff. The continued use of the incubators was to be discouraged. If they did need to be used careful checks would have to be employed using an accurate air thermometer and low-reading rectal thermometers to ensure that both hypothermia and hyperthermia would be avoided.
In the context of providing thermal control in the developing countries there are a number of innovations which may ultimately overcome the problems posed by malfunctioning old or expensive new incubators. These include a water-filled electrically heated mattress, the 'warm-room' and 'kangaroo-care'. There have also been attempts made to design and introduce simple locally made incubators, easy to regulate and maintain. 18 ' 19 The heated mattress has undergone successful fieldtrials in Turkey and in Ethiopia. 20 It was found to be as effective at maintaining body temperature as an incubator, at the same time allowing easier access to the mother and care-giver. The heated mattress creates a quite different thermal environment for the baby compared to the single-walled incubator. By nursing the neonate clothed there are reduced radiant, evaporative, and conductive losses, and the body gains heat by conduction. Rather than simply preventing heat loss it provides a source of warmth. The mattress has been found to be much quicker than an incubator at returning hypothermic babies' temperatures to normal.
2 ' In addition, the cost is only one tenth of that of an incubator (even so it remains beyond the budget of most developing countries).
Daga and co-workers 22 have developed a costeffective means of keeping a number of babies warm at once. They partitioned off small areas on the delivery suite, the postnatal wards, and on the neonatal unit, and kept these small rooms much warmer than the rest of the building. Using this method, they were able to provide a suitable environment for caring for babies immediately after delivery. This was felt to be of particular value for those requiring resuscitation and for the later care of all 'at-risk' infants. The costs involved were minimal in comparison to the projected requirements with more advanced technology. The disadvantage of this method is that the nursing staff find the temperatures too high for comfort. It is also difficult to regulate the temperature to the needs of individual babies.
In Bogota, Colombia, breast contact has been tried as an alternative to incubator care for healthy low birthweight babies (so-called 'kangaroo care' 23 ). Although the Colombian 'kangaroo care' has not been randomly assessed in comparison to incubator care 24 studies in Europe have shown that it may be associated with beneficial effects. Acolet and co-workers, 25 found that infants held by mothers maintained their t c PO 2 and their skin temperature, with an improvement in the t c PO 2 being found in some babies who had chronic lung disease. De Leeuw 26 reported that improved breathing patterns were found in preterm babies who were nursed by their mothers with reduced numbers of episodes of periodic breathing and apnoea.
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roo-care', 'the heated mattress', and the 'warm room' techniques. Community studies to ascertain the incidence of hypothermia amongst home births are also required.
Despite the published reports from developing countries concerned with neonatal hypothermia and the known potential problem'-of incubators, it is likely that in many third world hospitals the situation will remain unchanged. In order to bring about change it may be necessary to produce local evidence that the methods employed are not effective-further studies of the kind reported here are to be encouraged.
